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Abstract: In this paper, ionic liquids are proposed as new absorbents for absorption chillers 
and heat pumps. The theoretical and experimental based research of Technische Universität 
Berlin, Bavarian Center for Applied Energy Research (ZAE Bayern) and Graz University of 
Technology is presented and test and simulation results are discussed. The results show the 
suitability and promising potential of ionic liquids as absorbents but the research 
organizations agree in the need of further effort in R&D. 
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1 INTRODUCTION 
 
Up to the 1980s many different working pairs for absorption chillers have been proposed. 
Later, only few research groups investigated new absorption working pairs. This is because 
the prevalent working pairs water/LiBr and ammonia/water meet the existing requirements of 
common applications quite well. Water/LiBr is used for air-conditioning and NH3/water mainly 
for refrigeration.  
 
Nowadays, applications with further requirements have been discussed as there are high 
medium temperature level (solar cooling in hot climate, heat pump use in retrofit applications) 
and high driving temperature level (high efficient triple-effect chillers, heat transformers for 
industrial applications). This required a reanimation of research activities regarding new 
working pairs to overcome the drawbacks of the prevalent working pairs. LiBr solution runs 
the risk of crystallization at high temperature lift and the corrosion problem becomes grave at 
high driving temperatures. The drawback of ammonia/water systems is the remarkably 
increasing pressure with higher medium temperature level. This is problematic on the one 
hand regarding construction issues and on the other regarding pump energy consumption.  
 
In the last few years, ionic liquids (ILs) - organic salts composed entirely of ions which remain 
liquid at or close to ambient temperature - have been discussed as absorbents capable to 
replace LiBr solution as they do not have the crystallization risk and they are potentially less 
corrosive.  
 
 
 
 
 
 


Chapter 6: Research on Working Pairs and Apparatus Technology  
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
 
218 
 
 
Figure 3: Photograph of the test rig at ZAE Bayern 
 
 
 
Figure 4: Comparison of capacity (IL and LiBr) 
 
Figure 4 shows the capacities of the test rig operated with LiBr and IL compared to 
commercial chillers (suninverse and three different chiller of Thermax ltd.) During the 
experiments a reaction between the refrigerant (water) and the ionic liquid was observed. 
Due to the decreased capacity and the lack of chemical stability further efforts are needed to 
find a suitable combination of working fluid and applied process.  
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4 RESEARCH AT TU GRAZ 
 
A single-stage absorption heat pump (AHP) process with working mixtures of ammonia as 
the refrigerant and ionic liquids as the absorbent were investigated at TU Graz by means of 
thermodynamic simulations using the software program ASPEN Plus (Kotenko et al. 2011). 
From the literature the following binary mixtures of NH3/IL were found: NH3/[bmim][BF4], 
NH3/[bmim][PF6], NH3/[emim][EtSO4] and NH3/[emim][TF2N] (Yokozeki und Shiflett 2007a;b). 
Thermodynamic simulations of the investigated NH3/IL AHP-processes at TU Graz have 
shown that their efficiencies at certain boundary conditions are higher than those of a 
conventional NH3/H2O AHP. However, the COP of the investigated NH3/IL AHP-processes 
decreases more in comparison with a conventional NH3/H2O AHP when the temperature lift 
increases. The reason for that is a low difference between the NH3 mass concentration in the 
rich and poor solution and therefore a high solution flow rate.  
 
The “best” simulation results have been obtained for the AHP-process using the working 
mixture NH3/[bmim][PF6] (see Figure 5). It is more efficient than a conventional NH3/H2O AHP 
at absorber / evaporator outlet temperatures tABS_OUT / tEVA_OUT of 25/5°C and 35/5°C if the 
generator outlet temperature tGEN_OUT is higher than ca. 75°C and ca. 115°C respectively. 
 
 
 
Figure 5: Simulation results of the COP for tABS_OUT/tEVA_OUT=25/5°C, 35/5°C and 45/5°C of 
NH3/[bmim][PF6] AHP-processes without rectification column in comparison to a conventional 
NH3/H2O AHP-process with rectification column depending on tGEN_OUT 
 
In general, it was concluded that the following are consequences caused by ILs instead of 
H2O with NH3 as refrigerant: 
− the rectification column is not necessary;   
− the ratio of the required solution pump power demand to the generator heating 
capacity increases significantly; 
− the required capacity of the solution heat exchanger increases as well and has 
stronger influence on the process COP. 
As the next step in the research of NH3/IL AHP-processes experimental investigations are 
necessary.  
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5 SUMMARY 
 
At TU Berlin seven ionic liquids tailor-made by Evonik Industries AG have been tested as 
absorbents for water in a small scale absorption chiller. At ZAE Bayern tests with water and 
1-ethyl-3-methylimidazolium ethyl sulfate have been carried out using a test rig with adiabatic 
absorption and desorption. At TU Graz simulations have been performed using ammonia as 
refrigerant and ionic liquids as absorbents. The results show the suitability and promising 
potential of ionic liquids as absorbents for absorption cooling machines and heat pumps. The 
possibility to tailor the properties according to the requirements described is intriguing. More 
tests are required, but a competitive IL-based working pair seems to be possible in the near 
future.  
 
 
6 NOMENCLATURE 
 
[bmim][BF4]  1-butyl-3-methylimidazolium tetrafluoroborate  
[bmim][PF6]  1-butyl-3-methylimidazolium hexafluorophosphate  
[emim][EtSO4]  1-ethyl-3-methylimidazolium ethylsulfate 
[emim][TF2N]  1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide 
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